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COMPUTED PERFORMANCE OF THE HALF-SCALE ACCURATE ANTENNA REFLECTOR 
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Analex C o r p o r a t i o n  

NASA Lewis Research Center  
C leve land,  Oh io  44135 

SUMMARY 

Th is  r e p o r t  s t u d i e s  t h e  per formance o f  t h e  h a l f  sca le ,  accu ra te  antenna 
r e f l e c t o r  ( r e f .  1 ) .  The antenna i s  eva lua ted  f o r  use as a compact range 
r e f l e c t o r .  The r e f l e c t o r  i s  s t u d i e d  f o r  use w i th  t h r e e  separa te  feed antennas. 

INTRODUCTION 

Th is  r e p o r t  s t u d i e s  t h e  computed per formance o f  t h e  h a l f - s c a l e ,  accu ra te  
antenna r e f l e c t o r  ( r e f .  1) .  The goa l  i s  to  e v a l u a t e  t h e  a b i l i t y  o f  t h e  r e f l e c -  
tor t o  genera te  a near  f i e l d ,  p lane  wave f o r  a compact range a p p l i c a t i o n .  
r e f l e c t o r  i s  s t u d i e d  f o r  use w i t h  an e x i s t i n g  TRW dua l  mode ho rn  feed,  a p ro-  
posed co r ruga ted  ho rn  f e e d  which p r o v i d e s  a -20 dB edge i l l u m i n a t i o n ,  and a 
c o r r u g a t e d  waveguide f e e d  which p r o v i d e s  a -30 dB edge i l l u m i n a t i o n .  

The 

REFLECTOR GEOMETRY 

The geometry o f  t h e  h a l f - s c a l e  accu ra te  antenna r e f l e c t o r  i s  as shown 
i n  f i g u r e  1 .  
tance o f  66 i n .  The bo t tom o f  t h e  r e f l e c t o r  i s  28.06 i n .  above t h e  a x i s  of 
t h e  g e n e r a t i n g  p a r a b o l o i d  and t h e  d iameter  o f  t h e  r e f l e c t o r  i s  53.40 i n .  
r e f l e c t o r  i s  o b t a i n e d  from t h e  g e n e r a t i n g  p a r a b o l o i d  i n  a manner such t h a t  t h e  
p r o j e c t i o n  o f  t h e  r e f l e c t o r  o n t o  any v e r t i c a l  p lane  i s  a 53.40 i n .  d iamete r  
c i r c l e .  T h i s  i s  shown i n  f i g u r e  2. 

The r e f l e c t o r  i s  a s e c t i o n  o f  a p a r a b o l o i d  hav ing  a f o c a l  d i s -  

The 

The c e n t e r  o f  t h e  c i r c u l a r  a p e r t u r e ,  when p r o j e c t e d  back to  t h e  r e f l e c t o r ,  
de f ines  t h e  t i l t  ang le  which i s  r e q u i r e d  o f  t h e  feed .  The t i l t  ang le  l o c a t e s  
t h e  a x i s  of t h e  f e e d  w i t h  r e s p e c t  t o  t h e  a x i s  o f  t h e  p a r a b o l o i d .  
shown i n  f i g u r e  3. For t h i s  antenna, 

This i s  

T i l t  Angle = 45.063" ( 1  1 

With  t h e  a x i s  o f  t h e  f e e d  d e f i n e d ,  t he  ang les  subtended b y  t h e  r e f l e c t o r ,  as 
v iewed from t h e  f o c a l  p o i n t ,  can be determined.  I n  the  v e r t i c a l  p lane,  l e t  eU 
r e p r e s e n t  the  ang le  between t h e  f e e d  a x i s  and t h e  t o p  o f  t h e  r e f l e c t o r .  Then, 

eu = 18.296" (2 )  

S i m i l a r l y ,  l e t  8 L  r e p r e s e n t  t h e  ang le  between t h e  f e e d  a x i s  and t h e  bo t tom 
o f  t h e  r e f l e c t o r .  Then, 

T h i s  i n f o r m a t i o n  w i l l  be used l a t e r  on when t h e  a p e r t u r e  i l l u m i n a t i o n  of t h e  
r e f l e c t o r  i s  d iscussed.  



The ang le  subtended by  t h e  r e f l e c t o r ,  i n  the  h o r i z o n t a l  p lane ,  may a l s o  
be found. L e t  t h i s  ang le  be rep resen ted  by e S .  Then, 

e, = 19.54" (4 )  

Note t h a t  s ince  t h e  r e f l e c t o r  i s  symmetr ic about  the  y a x i s ,  t h i s  ang le  i s  
r e p r e s e n t a t i v e  of b o t h  t h e  l e f t  and r i g h t  s i d e  of t h e  r e f l e c t o r .  

TRW DUAL MODE HORN 

Computed f a r  f i e l d  and near  f i e l d  p a t t e r n s  have been made fo r  the  r e f l e c -  
to r  w i t h  t h e  JRW dua l  mode ho rn  as a feed. An accu ra te  mode l ing  o f  t h e  e lec -  
t r i c a l  performance of t h e  ho rn  i s  dependent on t h e  i n t e r n a l  d imensions o f  t h e  
horn.  These d imensions,  o b t a i n e d  from TRW DWG #XC723795, a r e  shown i n  
f i g u r e  4. 

The r a d i a t i o n  p a t t e r n s  of t h i s  ho rn  were computed for  a f requency  o f  
28.75 GHz, u s i n g  t h e  Oh io  S t a t e  U n i v e r s i t y  - R e f l e c t o r  Antenna Code 
( r e f s .  2 and 3 ) .  The p a t t e r n s  a r e  computed i n  t h e  s tandard  s p h e r i c a l  c o o r d i -  
n a t e  system w i t h  t h e  a p e r t u r e  o f  t h e  ho rn  o r i e n t e d  as shown i n  f i g u r e  5.  The 
heavy ar row i n  the  a p e r t u r e  of t h e  f i g u r e  i n d i c a t e s  t h a t  t h e  e l e c t r i c a l  f i e l d  
p o l a r i z a t i o n  i n  the  ho rn  i s  i n  t h e  y d i r e c t i o n .  Note t h a t  i n  t h i s  c o o r d i -  
n a t e  system a p a t t e r n  w i t h  41 = 0" i s  t h e  H-plane p a t t e r n  o f  t h e  ho rn  and a pa t -  
t e r n  w i t h  + = 90" i s  t h e  E-plane p a t t e r n .  

The H-plane p a t t e r n  o f  t h e  ho rn  i s  shown i n  f i g u r e  6.  F i g u r e  6(a) 
p l o t  o f  t h e  magnitude and f i g u r e  6(b> i s  t h e  phase. Note t h a t  o n l y  h a l f  
t h e  p a t t e r n  i s  shown because t h e  p a t t e r n  i s  symmetr ic w i t h  r e s p e c t  t o  8 
( t h e  z a x i s ) .  The phase r e f e r e n c e  fo r  t h e  phase p a t t e r n  i s  t h e  coo rd ina  
g i n  which i s  i n  t h e  a p e r t u r e  p lane  o f  t h e  horn.  The phase c e n t e r  o f  t h e  
can be found from t h i s  d a t a  th rough  t h e  use o f  t h e  equa t ion ,  

where a ( 6 )  i s  t h e  phase o f  t h e  r a d i a t e d  f i e l d ,  i n  degrees, a t  t h e  p o i n t  
and d i s  shown i n  f i g u r e  7. 

s a  
of 
= 0" 
e o r i -  
ho rn  

Note d has t h e  same u n i t s  as A .  Us ing  the  H-plane da ta ,  t h e  phase cen- 
t e r  i s  found t o  be, 

dH = 0.0649 i n .  ( 6 )  

where t h e  s u b s c r i p t  i n d i c a t e s  t h a t  t h e  phase c e n t e r  was found from H-plane 
da ta .  

The magnitude o f  the  f i e l d  r a d i a t e d  i n  the  E-plane o f  t h e  ho rn  i s  shown i n  

Us ing  t h e  d a t a  i n  f i g u r e  8 ( b )  
f i g u r e  8(a) .  The phase i s  g i v e n  i n  f i g u r e  8 ( b ) .  L e t  dE r e p r e s e n t  t h e  phase 
c e n t e r  d i s t a n c e  as c a l c u l a t e d  from E-plane d a t a .  
and equa t ion  (5), t h i s  E-plane phase c e n t e r  can be found as, 

dE = 0.2414 i n .  (7)  
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Comparison o f  equa t ions  ( 6 )  and ( 7 )  shows t h a t  t h e  H-plane and E-plane 
phase cen te rs  o f  t h e  ho rn  a r e  n o t  t h e  same. 
t e r n s ,  which w i l l  be p resented  nex t ,  t h e  a c t u a l  phase c e n t e r  of t h e  t h e  ho rn  
i s  taken as t h e  average o f  t h e  two separa te  phase cen te rs ,  

I n  t h e  c a l c u l a t e d  r e f l e c t o r  pa t -  

m = 0.153 i n .  d =  dH + dE 
L 

The H-plane phase p a t t e r n ,  w i t h  t h e  phase r e f e r e n c e  a t  t h i s  p o s i t i o n ,  i s  shown 
i n  f i g u r e  9. Note t h a t  t h e  phase i s  r e l a t i v e l y  f l a t  ove r  t h e  r e g i o n  which w i l l  
be i l l u m i n a t i n g  t h e  r e f l e c t o r  (8 5 20"). 
phase r e f e r e n c e  a d j u s t e d  t o  t h e  phase c e n t e r ,  i s  g i v e n  i n  f i g u r e  10. Th is  
phase p a t t e r n  has a1 so f l a t t e n e d  o u t ,  however i t  f a 1  1 s o f f  more q u i c k l y  than  
t h e  H-plane. Th is  i s  because t h e  main beam i n  t h e  E-plane i s  nar rower  than 
t h e  main beam i n  t h e  H-plane. 

The E-plane phase p a t t e r n ,  w i t h  t h e  

FAR FIELD PATTERNS OF THE REFLECTOR ANTENNA 

The f e e d  p a t t e r n s ,  g i v e n  i n  t h e  p r e v i o u s  s e c t i o n ,  a re  used w i t h  t h e  
r e f l e c t o r  geometry, d iscussed i n  t h e  f i r s t  s e c t i o n ,  t o  genera te  t h e  p a t t e r n s  
o f  t h e  r e f l e c t o r  antenna. The c o o r d i n a t e  system used f o r  t h e  p a t t e r n s  i s  
shown i n  f i g u r e  11 .  A nonstandard s p h e r i c a l  c o o r d i n a t e  system i s  used. 
A l though  Q i s  s t i l l  d e f i n e d  as t h e  ang le  from t h e  x a x i s  o f  t h e  p r o j e c t i o n  
o f  t h e  r a d i a l  v e c t o r ,  o n t o  t h e  x-y p lane ,  t he  f o l l o w i n g  i s  used 

-90" i Q 5 90" 

-180 - < 9 5 180" 

A d d i t i o n a l l y ,  t h e  x a x i s  w i l l  be assumed t o  be the  h o r i z o n t a l  d i r e c t i o n  and 
t h e  y a x i s  w i l l  be t h e  v e r t i c a l .  F igu res  12 and 13 show t h e  H-plane and 
E-plane p a t t e r n s  o f  t h e  r e f l e c t o r  antenna for t h e  f e e d  h o r i z o n t a l l y  p o l a r i z e d .  
Again,  t h e  p a t t e r n s  w e r e  c a l c u l a t e d  u s i n g  t h e  Oh io  S t a t e  U n i v e r s i t y  - R e f l e c t o r  
Antenna Code. F igu res  14 and 15 show t h e  H-plane and t h e  E-plane p a t t e r n s  for 
t h e  feed,  v e r t i c a l l y  p o l a r i z e d .  

t he  f e e d  s p i l  
i s  due t o  sp i  
f i g u r e  8(a) .  
t a l  p o l a r i z a t  
t h e  l o b e  does 

A major  c h a r a c t e r i s t i c  o f  t h e  o r i e n t a t i o n  o f  t h e  feed  i s  t h e  l o c a t i o n  o f  
o v e r  l obes .  For example, t h e  l a r g e  l obe  a t  75" i n  f i g u r e  15(b)  
l o v e r  of the  s i d e l o b e  a t  67" i n  t h e  feed  p a t t e r n  shown i n  
When the  feed  i s  r o t a t e d ,  from v e r t i c a l  p o l a r i z a t i o n  to  ho r i zon -  
on, t h i s  s p i l l o v e r  l o b e  r o t a t e s  t o  the  o t h e r  p lane .  There fo re ,  
n o t  appear i n  f i g u r e  12 (b> .  

NEAR FIELD PATTERNS OF THE REFLECTOR ANTENNA 

The near f i e l d  p a t t e r n s  o f  t h e  r e f l e c t o r  antenna may a l s o  be computed. 
They a r e  computed u s i n g  t h e  c o o r d i n a t e  system shown i n  f i g u r e  16 .  
t h i s  i s  a c y l i n d r i c a l  c o o r d i n a t e  system cen te red  on t h e  a p e r t u r e .  

Note t h a t  

The range,  or d i s t a n c e  f r o m  t h e  v e r t e x  o f  t h e  r e f l e c t o r  to  t h e - s c a n  
p lane,  o f  t h e  p a t t e r n s  i s  z = 132 i n .  as shown i n  f i g u r e  17. 
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A s  i n  t h e  f a r  f i e l d  c a l c u l a t i o n s ,  t h e  x d i r e c t i o n  i s  t h e  h o r i z o n t a l  
d i r e c t i o n .  However, d a t a  w i l l  o n l y  be shown f o r  t h e  f e e d  h o r i z o n t a l l y  
p o l a r i z e d .  

F igu re  18 shows t h e  magnitude and phase p a t t e r n s  f o r  8 = 90" and 
-30 i n .  i p i 30 i n .  Note t h a t  t h i s  i s  a v e r t i c a l  scan. Also r e c a l l  t h a t  t h e  
r e f l e c t o r  has a d iameter  o f  53.40 i n .  There fore ,  

-26.70 i n .  - -  < p < 26.70 i n .  

i s  t he  p r o j e c t e d  a p e r t u r e  o f  t h e  r e f l e c t o r  i n  t h e  scan p lane .  

F i g u r e  19 d i s p l a y s  t h e  computed near  f i e l d  magnitude and phase f o r  a h o r i -  
z o n t a l  scan. Again,  t h e  p r o j e c t e d  a p e r t u r e  i s  g i v e n  by 

-26.70 i n .  5 p 5 26.70 i n .  

Note t h a t  t h e  h o r i z o n t a l  scan i s  symmetr ic w i t h  r e s p e c t  t o  p = 0. 

EVALUATION OF THE PERFORMANCE OF THE ANTENNA 

The major  goa l  o f  t h i s  s tudy  i s  to  e v a l u a t e  t h e  a b i l i t y  o f  t h e  antenna 
system t o  genera te  a near  f i e l d  p lane  wave fo r  a compact range a p p l i c a t i o n .  
T h i s  s e c t i o n  w i l l  d i s c u s s  t h e  antenna per formance as i t  r e l a t e s  t o  t h i s  
a p p l i c a t i o n .  

A compact range i s  a measurement f a c i l i t y  used f o r  t h e  t e s t i n g  o f  t h e  f a r -  
f i e l d  response o f  antennas and s c a t t e r e r s .  The compact range has an advantage 
ove r  conven t iona l  f a r f i e l d  ranges i n  t h a t  t h e  t e s t i n g  takes  p l a c e  i n  a s m a l l e r  
volume. For example, a S c i e n t i f i c  A t l a n t a ,  Model 5751 compact range can meas- 
u r e  a 4 f t  d iameter  antenna, a t  18 GHz i n  a 17 by  20 by 36 f t  room. 
t h e  same antenna i n  a f a r f i e l d  range would r e q u i r e  a minimum s e p a r a t i o n  
between source and r e c e i v e r  o f  586 f t  (2D2/X>. 

To measure 

A compact range ach ieves  t h i s  sav ings  i n  space by p e r f o r m i n g  t h e  t e s t i n g  
Th is  i s  p o s s i b l e  because i n  t h e  near  f i e l d  o f  a p a r a b o l i c  r e f l e c t o r  antenna. 

a component o f  t h e  near  f i e l d  response o f  t h e  r e f l e c t o r  i s  a p lane  wave. 
I d e a l l y ,  a compact range would ope ra te  as shown i n  f i g u r e  20. 

A p o i n t  source feed,  emanating a s p h e r i c a l  wave, would be p laced  a t  
t h e  focus o f  t h e  p a r a b o l i c  r e f l e c t o r .  The energy i n  the  s p h e r i c a l  wave i s  
c o l l i m a t e d  by  t h e  p r o p e r t i e s  o f  the  r e f l e c t o r  and a u n i f o r m  p lane  wave i s  p ro-  
duced. The o b j e c t  t o  be t e s t e d  i s  p laced  i n  t h i s  p lane wave f i e l d  as shown i n  
f i g u r e  21. 
wave can be measured. The volume i n  which t h e  compact range r e f l e c t o r  gener-  
a t e s  a p lane  wave i s  c a l l e d  the  q u i e t  zone. 

I n  p r a c t i c e ,  t h e  i d e a l  compact range cannot  be r e a l i z e d  and can o n l y  be 
approximated. There a r e  numerous reasons f o r  why t h i s  i s  t r u e ,  however o n l y  
t h e  reasons which p e r t a i n  t o  t h e  compact range f e e d l r e f l e c t o r  system w i l l  be 
descr ibed.  Th is  w i l l  a l l o w  t h e  c h a r a c t e r i s t i c s  o f  t h e  h a l f - s c a l e  antenna to  
be d iscussed i n  r e l a t i o n  t o  t h e  compact range a p p l i c a t i o n .  

I n  t h i s  manner, t h e  response o f  t h e  o b j e c t  t o  an i n c i d e n t  p lane  
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I n  t h e  p r a c t i c a l  compact range,  t h e r e  a r e  seve ra l  f a c t o r s  which a c t  to  
c o r r u p t  t he  p lane wave genera ted  by  t h e  compact range r e f l e c t o r .  
tors a f f e c t  t h e  q u a l i t y  o f  t h e  q u i e t  zone and l i m i t  t h e  accuracy  o f  t h e  meas- 
urements. Begin w i t h  t h e  r e f l e c t o r  f eed .  P r a c t i c a l  feeds cannot  produce a 
s p h e r i c a l  wave o f  u n i f o r m  amp l i t ude  and phase. 
and phase responses t h a t  a r e  a f u n c t i o n  o f  ang le .  Th is  was seen for  the  TRW 
feed  i n  t h e  p a t t e r n s  g i v e n  i n  s e c t i o n  11. Such a feed  p a t t e r n  i n t r o d u c e s  
amp l i t ude  and phase t a p e r  i n  the  q u i e t  zone. Th is  i s  demonstrated i n  
f i g u r e  22. 

These f a c -  

I n s t e a d  they  produce magnitude 

A s  shown i n  f i g u r e  22 a p lane  wave i s  no l o n g e r  b e i n g  genera ted .  The 
o r i g i n a l  q u i e t  zone, shown by A - A ' ,  must now be reduced i n  s i z e ,  t o  a r e g i o n  
where t h e  wave i s  s t i l l  n e a r l y  p lane .  Th is  i s  shown by B-B' i n  t h e  f i g u r e .  
Genera l l y ,  t h e  s i z e  o f  B-B' i s  taken as t h e  r e g i o n  where no more than  1 dB of 
amp l i t ude  t a p e r  e x i s t s .  W i t h i n  t h i s  r e g i o n ,  t h e r e  shou ld  be no  more than 
22.5" o f  phase t a p e r  ( t h e  same as t h e  f a r f i e l d  c r i t e r i a ) .  Thus, t h e  cha rac te r -  
i s t i c s  o f  t h e  feed  r a d i a t i o n  p a t t e r n  c o n t r o l  t h e  s i z e  of t h e  q u i e t  zone ( fo r  a 
g i v e n  r e f l e c t o r ) .  I n  genera l ,  t h e  more d i r e c t i v e  t h e  feed,  t h e  s m a l l e r  t h e  
q u i e t  zone. S ince a l l  antennas have some d i r e c t i v i t y ,  t h e  q u i e t  zone i s  
always s m a l l e r  than t h e  p r o j e c t e d  a p e r t u r e  o f  t h e  r e f l e c t o r .  

Thus f a r ,  t h e  d i s c u s s i o n  has j u s t  been concerned w i t h  t h e  f i e l d  r e f l e c t e d  
by t h e  compact range antenna. 
o p t i c s  f i e l d  because i t  i s  t h e  f i e l d  which obeys S n e l l ' s  Law a t  t h e  r e f l e c t o r  
s u r f a c e .  Th is  f i e l d  i s  t h e  f i e l d  which i s  d e s i r e d  i n  t h e  q u i e t  zone. However, 
t h e r e  a r e  o t h e r ,  u n d e s i r a b l e  f i e l d s  i n  t h e  q u i e t  zone. The two which  a re  asso- 
c i a t e d  w i t h  t h e  compact range antenna system a r e  shown i n  f i g u r e  23. 

T h i s  f i e l d  i s  a l s o  known as t h e  geomet r i ca l  

These f i e l d s  a r e  t h e  s p i l l o v e r  energy o f  t h e  feed ,  which i s  d i r e c t e d  
toward t h e  q u i e t  zone, and the  f i e l d s  d i f f r a c t e d  from t h e  edge o f  t h e  r e f l e c -  
t o r ,  toward t h e  q u i e t  zone. 
by i n t r o d u c i n g  an amp l i t ude  and phase r i p p l e  i n t o  t h e  t o t a l  f i e l d .  The t o t a l  
f i e l d  may be w r i t t e n  as, 

These f i e l d s  a f f e c t  t h e  q u a l i t y  o f  t h e  q u i e t  zone 

The r i p p l e  occurs  as t h e  i n d i v i d u a l  t e r m s  add i n  and o u t  o f  phase. The goa l  
i n  t h e  des ign  o f  modern compact ranges i s  t o  p r e v e n t  t h e  r i p p l e  from be ing  
g r e a t e r  t han  0.1 dB. A g r e a t  dea l  o f  research  i s  b e i n g  conducted i n  o r d e r  t o  
o b t a i n  des igns t h a t  ach ieve  t h i s  g o a l .  Techniques i n c l u d e :  r e f l e c t o r  edge 
t rea tmen ts ,  f eed  p a t t e r n / a p e r t u r e  d i s t r i b u t i o n  c o n t r o l  , and i s o l a t i o n  o f  t h e  
feed  from the  q u i e t  zone. 

There a re  o t h e r  f a c t o r s  which can c o r r u p t  t h e  q u a l i t y  o f  t h e  f i e l d  i n  t h e  
q u i e t  zone. However these a r e  a s s o c i a t e d  w i t h  i n t e r a c t i o n s  between t h e  compact 
range antenna and t h e  room i n  which t h e  measurement takes  p l a c e .  These e f fec ts  
a r e  n o t  be ing  cons idered i n  t h i s  s tudy .  

The ha l f - sca le  antenna can now be eva lua ted  i n  t e r m s  o f  a compact range 
a p p l i c a t i o n .  The computed r e s u l t s  g i v e n  i n  t h i s  s e c t i o n  a re  f o r  t h e  h a l f - s c a l e  
r e f l e c t o r  w i t h  t h e  TRW f e e d .  

F i r s t ,  t h e  geomet r i ca l  o p t i c s  f i e l d  must be examined i n  o r d e r  t o  de f ine  
t h e  q u i e t  zone i n  terms o f  t a p e r .  F i g u r e  24 shows t h e  G.O. f i e l d  i n  t h e  
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h o r i z o n t a l  p lane  for the  h o r i z o n t a l l y  p o l a r i z e d  feed.  
t h e r e  i s  no f i e l d  o u t s i d e  of t h e  p r o j e c t e d  a p e r t u r e  o f  t h e  r e f l e c t o r .  F i g u r e  
25 i s  t h e  same curve  on an expanded s c a l e  and normal ized .  From t h i s  curve  i t  
can be seen t h a t  t h e  q u i e t  zone would be d e f i n e d  as 

A s  would be expected,  

-8.50 i n .  5 p 5 8.50 i n . ,  4 = 0" (9 )  

i n  t h e  h o r i z o n t a l  p lane,  on t h e  b a s i s  o f  t h e  1 dB amp l i t ude  tape r .  From t h e  
G.O. phase p l o t ,  which i s  g i v e n  i n  f i g u r e  26, i t  can be seen t h a t  t h e  22.5" 
phase t a p e r  c r i t e r i o n  i s  e a s i l y  met ove r  t h e  r e g i o n  i n d i c a t e d  by  equa t ion  9. 

The magnitude o f  t h e  G.O. f i e l d  i n  t h e  v e r t i c a l  p lane i s  shown 
f i g u r e  27 and on an expanded s c a l e  i n  f i g u r e  28. 
i n d i c a t e s  t h a t  t h e  q u i e t  zone would be d e f i n e d  as 

The expanded sca le  

-11.75 5 p 5 7.75, 4 = 90" 

acco rd ing  t o  t h e  1 dB c r i t e r i o n .  Examinat ion o f  t h e  phase p l o t  i n  f 
shows t h a t  the phase t a p e r  c r i t e r i o n  i s  adequate ove r  t h i s  r e g i o n  as 

n 
p l o t  

(10) 

gure 29 
w e l l .  

I n  summary, i t  appears t h a t  t h e  antenna produces a q u i e t  zone t h a t  i s  
app rox ima te l y  e l l i p t i c  i n  c ross -sec t i on .  However, t h e  r i p p l e  l e v e l  must be 
examined i n  o r d e r  t o  de termine t h e  q u a l i t y  o f  t h e  q u i e t  zone. 

were presented  i n  s e c t i o n  I V .  The r i p p l e  l e v e l  c o u l d  be determined from those 
p a t t e r n s ,  however, i t  i s  i n s t r u c t i v e  t o  examine t h e  two f i e l d  components which 
cause t h e  r i p p l e .  F i g u r e  30 shows t h e  magnitude o f  t h e  d i f f r a c t e d  f i e l d  i n  
t h e  h o r i z o n t a l  p lane .  Note t h a t  i n  t h e  c e n t e r  o f  t h e  p r e v i o u s l y  d e f i n e d  q u i e t  
zone, t h e  d i f f r a c t e d  f i e l d  i s  on t h e  o r d e r  o f  5 dB. Examinat ion o f  f i g u r e  24 
shows t h a t  t h e  d e s i r e d  G.O. f i e l d  i s  on t h e  o r d e r  o f  21 dB t h e r e .  

The t o t a l  f i e l d  i n  t h e  q u i e t  zone i s  g i v e n  i n  t h e  near  f i e l d  p a t t e r n s  t h a t  

Thus. t h e  d i f f r a c t e d  f i e l d  i s  o n l y  -16 dB r e l a t i v e  t o  t h e  G.O. f i e l d .  To 
t h e  two f i e l d s  

a r e  

and 

the  

or 

i n  phase. Then, i f  

EG.0.  = 1 V 

s ince  t h e  d i f f r a c t e d  f i e l d  i s  -16 dB r e l a t i v e ,  

ED = 0.156 V 

t h e  combina t ion  produces (assuming s p i l l o v e r  i s  i n  

E t  = EG.0. + ED = 1.156 V 

E t  = 1.26 dB . 

see what t h i s  means i n  t e r m s  o f  q u i e t  ;one r i p p l e ,  assume t h a t  

i g n i f i  a t for  ow) 

I f  the  two a r e  o u t  o f  phase, then 

or 
E t  = 0.8440 

E t  = -1.47 dB 
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Thus, t h i s  d i f f r a c t e d  f i e l d  can be expected t o  produce a t  l e a s t ,  2.73 dB peak 
t o  peak r i p p l e  i n  t h e  q u i e t  zone. T h i s  i s  a l o t  g r e a t e r  t han  t h e  0.1 dB r i p p l e  
which i s  d e s i r e d .  Note t h a t  t o  ach ieve  t h e  0.1 dB r i p p l e ,  t h e  d i f f r a c t e d  f i e l d  
must be -40 dB r e l a t i v e  t o  t h e  G.O. f i e l d .  For completeness, t h e  phase o f  t h e  
d i f f r a c t e d  f i e l d  i n  t h e  h o r i z o n t a l  p lane  i s  shown i n  f i g u r e  31. 

The magnitude o f  t h e  d i f f r a c t e d  f i e l d  i n  t h e  v e r t i c a l  p lane  i s  shown i n  
f i g u r e  32. The phase i s  g i v e n  i n  f i g u r e  33. I n  t h i s  p lane ,  t h e  d i f f r a c t e d  
f i e l d  has a l e v e l  which i s  o n l y  about  -6 dB r e l a t i v e  t o  t h e  G.O. f i e l d .  Th i s  
l e v e l  occu rs  o n l y  a t  one p o i n t  i n  t h e  q u i e t  zone, however, i t  c o u l d  cause t h e  
r i p p l e  t o  be on t h e  o r d e r  o f  seve ra l  dB. 

The f i n a l  component o f  t h e  t o t a l  f i e l d ,  t he  feed  s p i l l o v e r ,  i s  shown i n  
f i g u r e s  34 to  37. F igu res  34 and 35 show t h e  magnitude and phase of  t h i s  
component i n  t h e  h o r i z o n t a l  p lane .  F igu res  36 and 37 show the  magnitude and 
phase i n  t h e  v e r t i c a l  p lane .  The s p i l l o v e r  f i e l d  i s  on t h e  o r d e r  o f  -50 dB 
r e l a t i v e  to  t h e  G.O. f i e l d .  Thus, i t  c o u l d  be expected t o  genera te  r i p p l e  
l e v e l s  l e s s  than a t e n t h  o f  a dB. 

The a c t u a l  r i p p l e  l e v e l  depends on how t h e  t h r e e  i n d i v i d u a l  components, 
which a r e  phasors,  combine. A s  mentioned e a r l i e r ,  t h e  i n f o r m a t i o n  i s  con ta ined  
i n  t h e  t o t a l  near  f i e l d  p l o t s  which were g i ven  i n  s e c t i o n  I V .  The a c t u a l  
r i p p l e  l e v e l  i s  d i f f i c u l t  t o  de termine from these p l o t s  because t h e  r i p p l e  i s  
super-imposed upon t h e  t a p e r  o f  t h e  G.O. f i e l d .  To o b t a i n  t h e  r i p p l e  l e v e l ,  
t h e  G.O. f i e l d  can be s u b t r a c t e d  from t h e  t o t a l  f i e l d .  Ma themat i ca l l y ,  t h i s  
g i v e s  , 

E t  EG.O. -D -F - = E  + E  

F i g u r e  38 p resen ts  t h i s  f i e l d  f o r  t h e  h o r i z o n t a l  p lane .  From t h  
i t  can be determined t h a t  t h e  r i p p l e  i n  t h e  q u i e t  zone < l p l  5 8.50  i n  
t h e  o r d e r  o f  20.3 dB. 

F i g u r e  39 p resen ts  t h e  r i p p l e  f o r  t h e  v e r t i c a l  p lane .  From t h i s  
i t  can be determined t h a t  t h e  r i p p l e  i n  t h e  q u i e t  zone i s  on t h e  orde  
20.6 dB. 

s f i g u r e ,  
1 i s  on 

f i g u r e ,  
o f  

Clearly the half-scale antenna with the TRW feed does not produce an 
acceptab le  q u i e t  zone. T y p i c a l l y ,  compact ranges c l a i m  t o  use a q u i e t  zone 
which has a c ross  s e c t i o n  which 25 pe rcen t  o f  t h e  a rea  o f  t h e  p r o j e c t e d  
a p e r t u r e .  The antenna b e i n g  s t u d i e d  here  produces a zone which i s  o n l y  11 pe r -  
cen t  o f  t h e  p r o j e c t e d  a p e r t u r e .  Thus, t h e  antenna i s  n o t  as e f f i c i e n t  i n  p ro-  
duc ing  a q u i e t  zone as some des igns .  Th is  r e d u c t i o n  i n  t h e  q u i e t  zone imposes 
t h e  l i m i t  on t h e  s i z e  o f  t h e  o b j e c t s  t h a t  can be measured. However, g i v e n  t h e  
s i z e  of the  q u i e t  zone, t h e  r i p p l e  caused by t h e  d i f f r a c t e d  f i e l d  and t h e  
s p i l l o v e r  f i e l d  c o r r u p t s  t h e  q u i e t  zone so much t h a t  i t  i s  doub t fu l  t h a t  accu- 
r a t e  microwave measurements can be per formed.  The problem i s  now t o  de termine 
what can be done w i t h  t h i s  antenna s y s t e m  i n  o r d e r  t h a t  accu ra te  measurements 
can be per formed.  T h i s  s u b j e c t  w i l l  be d iscussed i n  t h e  n e x t  s e c t i o n .  

ANTENNA MODIFICATIONS FOR USE I N  A COMPACT RANGE 

The p rev ious  s e c t i o n s  have presented  t h e  r a d i a t i o n  c h a r a c t e r i s t i c s  o f  t h e  
h a l f - s c a l e  accu ra te  antenna re f l ec to r  when used w i t h  t h e  TRW dua l  mode ho rn  
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f eed .  
p a c t  range antenna system. Th is  e v a l u a t i o n  concluded t h a t  t h e  performance o f  
t h e  antenna was unacceptable i n  t h a t  a p p l i c a t i o n .  Th is  s e c t i o n  w i l l  i n v e s t i -  
ga te  what m igh t  be done i n  o r d e r  t o  ach ieve  accep tab le  performance o u t  o f  t h e  
r e f l e c t o r .  

T h i s  antenna was a l s o  e v a l u a t e d  w i t h  r e s p e c t  t o  an a p p l i c a t i o n  as a com- 

The h a l f - s c a l e  r e f l e c t o r  w i t h  t h e  TRW ho rn  was judged unacceptable f o r  
two reasons.  F i r s t ,  t h e  q u i e t  zone, as d e f i n e d  by the  1 dB tape r ,  i s  s m a l l e r  
than what i s  g e n e r a l l y  produced i n  commercial compact ranges. Second, t h e  r i p -  
p l e  l e v e l s  i n  t h e  q u i e t  zone a re  unacceptab le .  To ach ieve  b e t t e r  performance 
from t h e  h a l f - s c a l e  re f l ec to r ,  b o t h  o f  these i ssues  must be addressed. 

The s i z e  of t h e  q u i e t  zone i s  de termined by t h e  r a d i a t i o n  p a t t e r n  o f  t h e  
feed  and t h e  geometry o f  t h e  r e f l e c t o r  system. I n  t h e  approx imate sense, t h e  
s i z e  o f  t h e  q u i e t  zone i s  de termined by t h e  1 dB beamwidth o f  t h e  feed.  Th is  
beamwidth i s  p r o j e c t e d  i n t o  t h e  n e a r f i e l d  o f  t h e  r e f l e c t o r  as shown i n  f i g -  
u r e  40. Th is  r e l a t i o n s h i p  i s  e x a c t l y  t r u e  f o r  r e f l e c t o r s  which have l a r g e  F / D  
r a t i o s .  For r e f l e c t o r s  w i t h  s m a l l e r  F /D  r a t i o s ,  t h e  v a r y i n g  d i s t a n c e  between 
t h e  focus and p o i n t s  on t h e  r e f l e c t o r  s u r f a c e  i n t r o d u c e  an a d d i t i o n a l  t a p e r .  
Th i s  a d d i t i o n a l  t ape r  i s  c a l l e d  t h e  space t a p e r  and i t  i s  shown p l o t t e d  i n  f i g -  
u r e  41 ( r e f .  4 ) .  The combina t ion  o f  f e e d  d i s t r i b u t i o n  and space t a p e r  produce 
t h e  a p e r t u r e  d i s t r i b u t i o n  f o r  t h e  r e f l e c t o r  antenna which a c t u a l l y  determines 
t h e  s i z e  o f  t h e  q u i e t  zone. 

U n f o r t u n a t e l y ,  a f e e d  p a t t e r n  cannot  be broadened t o  inc rease  t h e  s i z e  of 
t h e  q u i e t  zone w i t h o u t  a f f e c t i n g  t h e  r i p p l e  i n  t h e  q u i e t  zone. 
r i p p l e  i s  produced by t h e  d i f f r a c t e d  f i e l d  from t h e  edges o f  t h e  r e f l e c t o r  and 
t h e  feed s p i l l o v e r .  The magnitude o f  t h e  d i f f r a c t e d  f i e l d  i s  d i r e c t l y  r e l a t e d  
to  t h e  magnitude o f  t h e  f i e l d  i n c i d e n t  upon t h e  r e f l e c t o r  edge. Thus, i f  t h e  
f e e d  p a t t e r n  i s  broadened t o  inc rease  t h e  q u i e t  zone s i z e ,  t hen  i t  i s  l i k e l y  
t h a t  t h e  r i p p l e  w i l l  i nc rease  due t o  t h e  h i g h e r  edge i l l u m i n a t i o n  o f  t h e  
r e f l e c t o r .  A d d i t i o n a l l y ,  a f e e d  which genera tes  a b road f e e d  p a t t e r n  w i l l  
a l s o  produce h i g h e r  s p i l l o v e r  l e v e l s .  Thus, f o r  a conven t iona l  r e f l e c t o r ,  
t h e r e  a re  t r a d e  o f f s  to  cons ide r  between q u i e t  zone s i z e  and q u a l i t y .  

R e c a l l  t h a t  t he  

C u r r e n t l y ,  a g r e a t  dea l  o f  d i s c u s s i o n  and research  i s  d i r e c t e d  toward 
m i n i m i z i n g  t h e  impact  o f  these t r a d e  o f f s .  Manufac turers  and researchers  have 
proposed v a r i o u s  r e f l e c t o r  edge t rea tmen ts  i n  o r d e r  t o  reduce t h e  d i f f r a c t e d  
f i e l d  w i t h o u t  g i v i n g  up too much on t h e  i n c i d e n t  f i e l d .  A lso ,  absorber  enc lo -  
s u r e s ,  w a l l s  and even separa te  rooms a r e  b e i n g  used t o  p r e v e n t  d i r e c t  f eed  
energy from caus ing  r i p p l e  i n  the  t a r g e t  zone. 

The m o d i f i c a t i o n s  which can be a p p l i e d  to  improve t h e  per formance o f  t h e  
h a l f - s c a l e  r e f l e c t o r  f o r  a compact range a p p l i c a t i o n  a r e  l i m i t e d .  Obv ious l y ,  
t he  r e f l e c t o r  a l r e a d y  e x i s t s  and has a f i x e d  F / D  r a t i o .  Thus, t h e  space tape r  
i s  known and cannot be m o d i f i e d .  The r e f l e c t o r  has a conven t iona l  edge and so 
d i f f r a c t e d  f i e l d  r e d u c t i o n  must come about  th rough  r e d u c t i o n  o f  t h e  i n c i d e n t  
f i e l d .  There fore  t h e  use o f  t h i s  r e f l e c t o r  w i l l  depend on t h e  q u i e t  zone t h a t  
remains once t h e  edge i l l u m i n a t i o n  i s  b rough t  down f a r  enough t o  produce an 
acceptab le  r i p p l e .  Reduct ion  o f  t h e  edge i l l u m i n a t i o n  w i l l  r e q u i r e  a f e e d  
which i s  more d i r e c t i v e  than the  TRW feed.  S ince  t h e  TRW f e e d  d i d  n o t  prove 
t o  have a s u b s t a n t i a l  s p i l l o v e r  l e v e l ,  t h e  more d i r e c t i v e  f e e d  i s  l i k e l y  t o  
have acceptab le  l e v e l s .  Thus, t h i s  work w i l l  concen t ra te  on f i n d i n g  an edge 
i l l u m i n a t i o n  which w i l l  p r o v i d e  t h e  d e s i r e d  r e s u l t .  
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F o r t u n a t e l y ,  t h e  r e f l e c t o r  i s  o n l y  r e q u i r e d  t o  produce a q u i e t  zone which 

Therefore i t  w i l l  n o t  be necessary t o  o b t a i n  
The s i z e  o f  t h e  q u i e t  zone can be reduced i n  

i s  a t  l e a s t  11 i n .  i n  d iameter .  T h i s  requ i remen t  comes from t h e  s i z e  o f  the  
o b j e c t s  which w i l l  be measured. 
t h e  l a r g e s t  p o s s i b l e  q u i e t  zone. 
o r d e r  t o  o b t a i n  accep tab le  r i p p l e  l e v e l s .  

Before  examina t ion  o f  q u i e t  zones r e s u l t i n g  from lower  edge i 1 l u m i n a t i o n ,  
i t  i s  i n s t r u c t i v e  to  determine what t h e  edge i l l u m i n a t i o n  i s  w i t h  t h e  TRW feed .  
The TRW feed had a t i l t  ang le  of 45.06" r e l a t i v e  to  t h e  a x i s  of t h e  r e f l e c t o r .  
Th i s  t i l t  ang le  d e f i n e s  t h e  a x i s  of t h e  feed  and i t  i s  t h e  d i r e c t i o n  o f  t h e  
main beam of t h e  feed r a d i a t i o n  p a t t e r n .  
18.296' from t h e  feed a x i s  as shown i n  f i g u r e  42. 

The t o p  edge o f  t h e  r e f l e c t o r  i s  

The t o p  edge o f  t h e  r e f l e c t o r  i s  i n  t h e  H-plane o f  t h e  h o r i z o n t a l l y  p o l a r -  
Thus, u s i n g  f i g u r e  6, t h e  feed p a t t e r n  i s  found t o  be -6.17 dB. 

Thus, t h e  t o p  edge 

i z e d  feed.  
The a d d i t i o n a l  space a t t e n u a t i o n  i s  found from f i g u r e  4 1 .  R a d i a t i o n  d i r e c t e d  
a t  t h e  t o p  edge of t h e  r e f l e c t o r  exper iences  an a d d i t i o n a l  1.42 dB a t t e n u a t i o n  
ove r  r a d i a t i o n  d i r e c t e d  a t  t h e  cen te r  of t h e  r e f l e c t o r .  
i l l u m i n a t i o n  i s ,  

ETOP = -6.17 dB - 1.42 dB = -7.59 dB 

r e l a t i v e  to  t h e  c e n t e r .  

Th is  same procedure can be a p p l i e d  t o  t h e  bo t tom edge and t o  t h e  s ides  as 
w e l l .  I n  summary, 

and 

Thus the  edge i l l u m i n a t i o n  i s  app rox ima te l y  - 7 . 5  dB i n  t h e  v e r t i c a l  p lane  and 
-10.7 dB i n  t h e  h o r i z o n t a l  p lane.  
p lane  r e s u l t s  i n  more r i p p l e  i n  t h a t  p lane .  
f i g u r e s  38 and 39. S ince  -10.7 dB edge i l l u m i n a t i o n  produced an unacceptab le  
r i p p l e ,  lower  i l l u m i n a t i o n s  w i l l  be i n v e s t i g a t e d .  

The h i g h e r  edge i l l u m i n a t i o n  i n  t h e  v e r t i c a l  
Th i s  can be seen by  comparing 

The f i r s t  edge i l l u m i n a t i o n  t o  be t r i e d  i s  one t h a t  i s  app rox ima te l y  
-20 dB w i t h  r e s p e c t  t o  t h e  c e n t e r  o f  t h e  a p e r t u r e .  
f i e l d  p a t t e r n  of a co r ruga ted  ho rn  which w i l l  p r o v i d e  t h a t  i l l u m i n a t i o n .  The 
p a t t e r n  o f  t h e  ho rn  i s  symmetric about  the  0 = 0" a x i s  and i t  i s  a l s o  c i r c u -  
l a r l y  symmetr ic .  
p a t t e r n  p r o v i d e s  t h e  f o l l o w i n g  edge i l l u m i n a t i o n s .  

F i g u r e  43 shows t h e  fa r -  

Thus, t h e  H-plane and E-plane p a t t e r n s  a r e  equa l .  Th i s  f i e l d  

ETOP = -19.61 dB 

The r e s u l t i n g  near  f i e l d  p a t t e r n  i n  t h e  h o r i z o n t a l  p lane,  a t  z = 132 i n .  

The near f i e l d  p a t t e r n  i n  t h e  ver -  
i s  shown i n  f i g u r e  44. 
reduced from those seen w i t h  t h e  TRW horn .  
t i c a l  p lane  i s  g i v e n  i n  f i g u r e  45. 

Both the  r i p p l e  and t h e  q u i e t  zone a re  n o t i c a b l y  
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To determine t h e  s i z e  o f  t h e  q u i e t  zone f o r  t h i s  edge i l l u m i n a t i o n ,  t h e  
G.O. f i e l d s  a re  g i ven .  F igu res  46 and 47 show t h e  magnitude o f  t h e  G.O. f i e l d  
i n  t h e  h o r i z o n t a l  p lane.  From f i g u r e  47, t h e  1 dB t a p e r  q u i e t  zone i s  d e f i n e d  
by I p I  6 i n .  Th i s  exceeds t h e  1 1  i n .  r e q u i r e d .  For completeness, t h e  G.O. 
phase i n  the  h o r i z o n t a l  p lane  i s  g i v e n  i n  f i g u r e  48. The magnitude o f  t h e  G.O. 
f i e l d  i n  the  v e r t i c a l  p l a n e  i s  g i v e n  i n  f i g u r e s  49 and 50. These f i g u r e s  show 
t h a t  t h e  q u i e t  zone i s  g i v e n  by 

i n  t h e  v e r t i c a  
-20 dB edge il 
t h e  G.O. f i e l d  

p lane  
umi n a t  
i n  the  

-6.75 i n .  5 p 5 5.25 i n .  

on p r o v i d e s  a q u i e t  zone o f  adequate s i z e .  
v e r t i c a l  p lane  i s  g i v e n  i n  f i g u r e  51. 

T h i s  a l s o  exceeds t h e  11 i n .  r e q u i r e d  and thus  t h e  
The phase of 

The r i p p l e  i n  t h e  q u i e t  zone can aga in  be de termined by s u b t r a c t i n g  t h e  
G.O. f i e l d  from t h e  t o t a l  f i e l d .  F i g u r e  52 shows t h e  r i p p l e  i n  t h e  h o r i z o n t a l  
p lane .  Th is  f i g u r e  shows t h a t  t h e  r i p p l e  i s  a lmost  accep tab le ,  b e i n g  on t h e  
o r d e r  o f  20.1 dB except  a t  t h e  c e n t e r .  The l a r g e  s p i k e  a t  t h e  c e n t e r  occurs  
because i t  l i e s  a long  t h e  c a u s t i c  o f  t h e  edge d i f f r a c t e d  r a y s .  F i g u r e  53 
shows s i m i l a r  performance i n  t h e  v e r t i c a l  p lane.  

To f u r t h e r  reduce t h e  d i f f r a c t e d  f i e l d ,  a lower  edge i l l u m i n a t i o n  w i l l  be 
cons idered.  A co r ruga ted  waveguide w i t h  a 2.176 i n .  i n t e r n a l  d iameter  w i l l  
r a d i a t e  t h e  p a t t e r n  shown i n  f i g u r e  54. Th is  p a t t e r n  i s  c i r c u l a r l y  symmetr ic .  
Note t h a t  t he  f i r s t  n u l l  i n  t h e  p a t t e r n  i s  l o c a t e d  i n  t h e  v i c i n i t y  o f  t h e  edges 
of t he  r e f l e c t o r .  I n  f a c t ,  t h e  edge i l l u m i n a t i o n  f o r  t h i s  waveguide as a f e e d  
i s  

ETOP = -33.5 dB 

r e l a t i v e  t o  t h e  r a d i a t i o n  a t  t h e  cen te r  

The r e s u l t i n g  near  f i e l d  p a t t e r n  i n  t h e  h o r i z o n t a l  p lane ,  a t  z = 132 i n .  
Note t h a t  t h e  q u i e t  zone i s  aga in  s m a l l e r  and t h e  r i p -  i s  shown i n  f i g u r e  55. 

p l e  i s  a lmost  imperceptab le .  The near  f i e l d  p a t t e r n  i n  the  v e r t i c a l  p lane  i s  
g i v e n  i n  f i g u r e  56. 

The s i z e  o f  t h e  q u i e t  zone i s  de termined by examin ing t h e  G.O. f i e l d  i n  
t h e  h o r i z o n t a l  and v e r t i c a l  p lanes .  F igu res  57 and 58 show t h e  magnitude of 
the  G.O. f i e l d  i n  the  h o r i z o n t a l  p lane .  F i g u r e  59 i s  t h e  phase. Again u s i n g  
t h e  1 dB tape r  c r i t e r i o n ,  t h e  q u i e t  zone i n  t h e  h o r i z o n t a l  p lane  i s  d e f i n e d  by 

which i s  j u s t  enough to accommodate t h e  1 1  i n .  t e s t  o b j e c t .  The magnitude of 
t h e  G.O. f i e l d  i n  the  v e r t i c a l  p lane  i s  g i v e n  i n  f i g u r e s  60 and 61.  
i s  g i v e n  i n  f i g u r e  62.  The q u i e t  zone i n  t h i s  p l a n e  i s  d e f i n e d  by 

The phase 

-6.25 i n .  5 p 5.00 i n .  

which w i l l  a l s o  accommodate t h e  11 i n .  o b j e c t .  
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The r i p p l e  i n  t h e  h o r i z o n t a l  p lane  o f  t h e  q u i e t  zone i s  p r o v i d e d  i n  
f i g u r e  63. Here i t  can be seen t h a t  an accep tab le  r i p p l e  l e v e l  has been 
achieved.  The r i p p l e  i n  t h e  v e r t i c a l  p l a n e  i s  g i v e n  i n  f i g u r e  64. Th is  
r i p p l e  i s  s l i g h t l y  l a r g e r  than d e s i r e d  b u t  i t  i s  p r o b a b l y  accep tab le .  

SUMMARY AND CONCLUSIONS 

Some c a l c u l a t e d  c h a r a c t e r i s t i c s  o f  t h e  h a l f - s c a l e  accu ra te  antenna r e f l e c -  
tor  have been presented .  These c h a r a c t e r i s t i c s  have been used t o  e v a l u a t e  t h e  
r e f l e c t o r  f o r  use i n  a compact range measurement f a c i l i t y .  
t he  e v a l u a t i o n  was taken t o  be a q u i e t  zone w i t h  no more than 1 dB o f  amp l i t ude  
t a p e r  and no more than  22.5" o f  phase t a p e r .  
an amp l i t ude  r i p p l e  o f  no more than 0.1 dB. 

The b a s e l i n e  for 

The q u i e t  zone a l s o  had to  have 

The major  d i f f i c u l t y  i n  a c h i e v i n g  t h e  r e q u i r e d  q u i e t  zone was shown t o  be 
the  f i e l d  d i f f r a c t e d  from t h e  edges o f  t h e  r e f l e c t o r .  W i thou t  m o d i f y i n g  t h e  
edges mechan ica l l y ,  t h e  o n l y  way to  reduce t h e  d i f f r a c t e d  f i e l d  was shown to  be 
a v e r y  low edge i l l u m i n a t i o n .  The computed r e s u l t s  showed t h a t  t h e  edge i l l u -  
m i n a t i o n  had t o  be on t h e  o r d e r  o f  -30 dB or lower i n  o r d e r  to  ach ieve  accepta-  
b l e  r i p p l e  per formance.  

Lower r i p p l e  l e v e l s ,  by l o w e r i n g  t h e  edge i l l u m i n a t i o n ,  comes a t  a c o s t  
of a s m a l l e r  q u i e t  zone. Wi th  t h e  -30 dB edge i l l u m i n a t i o n ,  t h e  c ross  s e c t i o n  
of t h e  q u i e t  zone c o n t a i n s  o n l y  about  4 p e r c e n t  o f  t h e  p r o j e c t e d  a p e r t u r e  o f  
the  r e f l e c t o r .  However, t h i s  a rea  i s  b i g  enough t o  measure t h e  t e s t  o b j e c t s  
which a r e  b e i n g  contemplated.  

Th is  s tudy  d i d  n o t  cons ide r  t h e  p h y s i c a l  r e a l i z a t i o n  o f  t h e  f e e d  which 
would produce t h e  -30 dB edge i l l u m i n a t i o n .  Such a feed c o u l d  p r o b a b l y  be 
des igned a t  a g i v e n  f requency .  
response and t h e  d e s i r e d  p a t t e r n  m igh t  n o t  be ach ieved a t  a l l  f r e q u e n c i e s .  
Th is  cou ld  r e s u l t  i n  some f r e q u e n c i e s  where t h e  q u a l i t y  o f  t h e  q u i e t  zone i s  
unacceptable if swept f requency  measurements a re  used. 

However, t h e  feed  would have a f requency  

Also, t h e  e f f e c t s  o f  t h e  room were n o t  cons idered.  D i r e c t  f e e d  i l l u m i n a -  
t i o n  o f  o b j e c t s  i n  t h e  room w i l l  cause those o b j e c t s  t o  s c a t t e r  energy i n t o  the  
q u i e t  zone. Th is  s c a t t e r e d  energy w i l l  c o n t r i b u t e  t o  t h e  r i p p l e .  There fo re  i t  
i s  p o s s i b l e  t h a t  t he  q u i e t  zone r i p p l e  would be unacceptab le  even w i t h  t h e  
i d e a l  feed f o r  t h e  re f l ec to r .  

I n  conc lus ion ,  t h e  r e s u l t s  p resented  here  have shown t h a t  t h e  h a l f - s c a l e  
r e f l e c t o r  can be used f o r  t h e  compact range measurements b e i n g  cons ide red .  
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FIGURE 3. - T I L T  ANGLE AND SUBTENDED ANGLE FOR THE HALF 
SCALE ACCURATE ANTENNA REFLECTOR. 
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FIGURE 2. - PROJECTION OF THE HALF SCALE 

ACCURATE ANTENNA REFLECTOR ONTO AN ARBI- 
TRARY APERTURE PLANE. 
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FIGURE 4. - INTERNAL DIMENSIONS OF THE TRW DUAL MODE HORN. 
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FIGURE 7. - PHASE CENTER RELATIONSHIP TO 
APERTURE PLANE. 

FIGURE 6 .  - CALCULATED H-PLANE PATTERN O f  THE TRW 
DUAL NODE HORN, f = 28.75 GHz. 
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THETA. deg 
(b )  PHASE. 

DUAL MODE HORN. f =  2 8 . 7 5  GHz. 
FIGURE 8 .  - CALCULATED E-PLANE PATTERN OF THE TRW 

THETA. deg 

FIGURE 9. - H-PLANE PHASE PATTERN OF THE TRW DUAL 
MODE HORN WITH THE PLANE REFERENCE AT THE PHASE 
CENTER, d =  0 . 1 5 3  I N .  f =  2 8 . 7 5  GHz. 
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FIGURE 10. - E-PLANE PHASE PATTERN OF THE TRW DUAL 
RODE HORN WITH THE PHASE REFERENCE AT THE PHASE 
CENTER, d =  0.153 IN. f =  28.75 GHZ. 

FIGURE 11. - COORDINATE SYSTEM FOR REFLECTOR FARFIELD PATTERNS. 
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FIGURE 12.  - CALCULATED H-PLANE PATTERN OF THE HALF 
SCALE ACCURATE ANTENNA REFLECTOR WITH THE TRW 
DUAL NODE HORN FEED. HORIZONTAL POLARIZATION, 
f = 2 8 . 7 5  (~Hz. 
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(b) COMPLETE PATTERN. 

FIGURE 13. - CALCULATED E-PLANE PATTERN OF THE HALF 
SCALE ACCURATE ANTENNA REFLECTOR WITH THE TRW DUAL 
MODE HORN FEED. HORIZONTAL POLARIZATION. f = 2 8 . 7 5  
GHz. 
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FIGURE 14.  - CALCULATED H-PLANE PATTERN OF THE HALF 
SCALE ACCURATE ANTENNA REFLECTOR WITH THE TRW DUAL 
MODE HORN FEED. VERTICAL POLARIZATION, f=  28.75 
GHz. 
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(b )  COMPLETE PATTERN. 

FIGURE 15. - CALCULATED E-PLANE PATTERN OF THE HALF 
SCALE ACCURATE ANTENNA REFLECTOR WITH THE TRW DUAL 
mom HORN FEED. VERTICAL POLARIZATION. f =  28.75 
GHz. 
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FIGURE 16. - COORDINATE SYSTEM FOR NEAR F I E L D  PATTERNS. 
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FIGURE 17. - THE RANGE USED I N  THE NEAR F I E L D  CALCULATIONS. 

18 



m 
U 

r 
PI 
W c + 
2 
U L 

( a )  MAGNITUDE. 

60 

U L 

-30 

-60 

-30 -20 -10 0 10 20 30 
RHO, IN. 

(b )  PHASE. 

FIGURE 18. - VERTICAL SCAN OF THE NEAR F I E L D  AT 
z = 132 IN. HALF S I Z E  ACCURATE ANTENNA REFLECTOR 
WITH THE TRW DUAL MODE HORN. 
IZATION. f = 28.75 GHz. 
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FIGURE 19. - HORIZONTAL SCAN OF THE NEAR F I E L D  AT 

HORIZONTAL POLAR- 
z = 132 IN. HALF S I Z E  ACCURATE ANTENNA REFLECTOR 
WITH THE TRW DUAL MOM HORN, 
IZATION. f = 28.75.GHz. 
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FIGURE 20. - "IDEAL" COMPACT RANGE. 
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FIGURE 22. - AMPLITUDE AND PHASE TAPER I N  THE QUIET 
ZONE DUE TO THE FEED PATTERN. 
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FIGURE 24. - MAGNITUDE OF THE G.O. F IELD I N  THE 
HORIZONTAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 

IZONTAL POLARIZATION. f = 28.75 GHz. 
REFLECTOR WITH THE TRW DUAL MODE HORN FEED, HOR- 
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FIGURE 21 .  - MEASURMENT I N  THE "IDEAL" COMPACT RANGE. 
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FIGURE 23. - AMPLITUDE AND PHASE RIPPLE FROM FEED SPILLOVER 
AND REFLECTOR EDGE DIFFRACTION. 
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IZONTAL PLANE PLANE OF THE HALF SCALE ACCURATE 
ANTENNA REFLECTOR WITH THE TRW DUAL MODE HORN FEED. 
HORIZONTAL POLARIZATION. f = 28.75 GHz. EXPANDED 
SCALE. 

FIGURE 25. - MAGNITUDE OF THE G.O. F I E L D  I N  THE HOR- 
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FIGURE 26. - PHASE OF THE G.O. F I E L D  I N  THE 
HORIZONTAL PLANE OF THE HALF SCALE ACCURATE 
ANTENNA REFLECTOR WITH THE TRW DUAL MODE HORN 
FEED. HORIZONTAL POLARIZATION, f = 28.75 GHz. 
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FIGURE 27. - MAGNITUDE OF THE G.O. F IELD I N  THE 
VERTICAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 

IZONTAL POLARIZATION. f = 28.75 GHz. 
REFLECTOR WITH THE TRW DUAL NODE HORN FEED. HOR- 
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FIGURE 28. - MAGNITUDE OF THE G.O. F I E L D  I N  THE VER- 

T ICAL  PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE TRW DUAL NODE HORN FEED. HDR- 
IZONTAL POLARIZATION, f = 28.75 GHz. EXPANDED 
SCALE. 

RHO, IN. 

FIGURE 29. - PHASE OF THE G.O. F I E L D  I N  THE VERTICAL 
PLANE OF THE HALF SCALE ACCURATE ANTENNA REFLECTOR 
WITH THE TRW DUAL NODE HORN FEED. HORIZONTAL POLAR- 
IZATION, f =  28.75 GHz. 
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FIGURE 30. - MAGNITUDE OF THE DIFFRACTED F I E L D  I N  THE 
HORIZONTAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE TRW DUAL MODE HORN FEED. HORI- I ZONTAL POLARIZATION, f = 28.75 GHz. 
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FIGURE 32. - MAGNITUDE OF THE DIFFRACTED F I E L D  I N  THE 
VERTICAL F I E L D  PLANE OF THE HALF SCALE ACCURATE 
ANTENNA REFLECTOR WITH THE TRW DUAL MODE HORN FEED. 
HORIZONTIAL POLARIZATION, f = 28.75 GHz. 

180 

120 

60 
Ls, a U 

Y 
-60 

-120 

-180 

RHO. I N .  

FIGURE 31. - PHASE OF THE DIFFRACTED I N  THE HORI- 
ZONTAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTION WIT9 THE TRW DUAL NODE HORN FEED. 
HORIZONTAL POLARIZATION, f = 28.75 GHz. 
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FIGURE 33. - PHASE OF THE DIFFRACTED F I E L D  I N  THE 
VERTICAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE TRW DUAL MODE HORN FEED. HOR- 
IZONTAL POLARIZATION, f = 2 8 . 7 5  GHz. 
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FIGURE 34 .  - MAGNITUDE OF THE FEED SPILLOVER I N  THE 
HORIZONTAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 

ZONTAL POLARIZATION. f = 28.75 GHz. 
REFLECTOR WITH THE TRW DUAL MODE HORN FEED. HORI- 

RHO. I N .  

TICAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE TRW DUAL MODE HORN FEED. HORI- 
ZONTAL POLARIZATION. f = 2 8 . 7 5  GHz. 

FIGURE 36. - MAGNITUDE OF THE SPILLOVER I N  THE VER- 

RHO. IN. 

FIGURE 35. - PHASE OF THE FEED SPILLOVER I N  THE 
HORIZONTAL PLANE OF THE HALF SCALE ACCURATE 
ANTENNA REFLECTOR WITH THE TRW DUAL MODE FEED. 
HORIZONTAL POLARIZATION. f = 2 8 . 7 5  GHz. 
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FIGURE 37 .  - PHASE OF THE FEED SPILLOVER I N  THE 
VERTICAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE DUAL MODE HORN FEED. HORI- 
ZONTAL POLARIZATION, f = 2 8 . 7 5  GHz. 
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FIGURE 38. - RIPPLE I N  THE HORIZONTAL PLANE OF THE 
HALF SCALE ACCURATE ANTENNA REFLECTOR WITH THE 
TRW DUAL MODE HORN FEED. 
f = 28.75 GHz. 
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FIGURE 40. - QUIET ZONE RELATIONSHIP TO FEED PATTERN. 
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FIGURE 39. - RIPPLE I N  THE VERTICAL PLANE OF THE HALF 
SCALE ACCURATE ANTENNA REFLECTOR WITH THE TRW DUAL 
NODE HORN FEED. HORIZONTAL POLARIZATION, f = 28.75 
GHz . 
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FIGURE 41. - SPACE ATTENUATION VERSUS FEED ANGLE. 

19.54' 

FIGURE 42. - LOCATION OF REFLECTOR EDGE I N  FEED PATTERN 
COORDINATES. 
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FIGURE 43. - CORRUGATED HORN FEED PATTERN WHICH WILL 
PROVIDE A -20 dB EDGE TAPER. 
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(b)  PHASE. 

FIGURE 44. - HORIZONTAL SCAN OF THE NEAR F I E L D  AT 
z = 132 IN. HALF S I Z E  ACCURATE ANTENNA REFLECTOR 
WITH THE -20 d B  EDGE ILLUMINATION. HORIZONTAL 
POLARIZATION. f =  28.75 GHz. 
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(b)  PHASE. 

FIGURE 45 .  - VERTICAL SCAN OF THE F I E L D  AT Z = 1 3 2  I N .  

HALF S I Z E  ACCURATE ANTENNA REFLECTOR WITH THE -20 d B  
EDGE ILLUMINATION. HORIZONTAL POLARIZATION. f = 2 8 . 7 5  
GHz . 
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FIGURE 46 .  - MAGNITUDE OF THE G.O. F I E L D  I N  THE HOR- 
IZONTAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 

IZONTAL POLARIZATION, f = 28.75.GHz. 
REFLECTOR WITH THE -20  d B  EDGE ILLUMINATION. HOR- 
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FIGURE 47 .  - MAGNITUDE OF THE G.O. F I E L D  I N  THE HOR- 
IZONTAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE -20 dB EDGE ILLUMINATION. HOR- 
IZONTAL POLARIZATION, f =  28.75 GHz. 
SCALE. 

EXPANDED 
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RHO, IN. 

PLANE OF THE HALF SCALE ACCURATE ANTENNA REFLECTOR 

IZATION. f = 28.75 GHz. 

FIGURE 48. - PHASE OF THE G.O. FIELD IN THE HORIZONTAL 

WITH THE -20 dB EDGE ILLUMINATION HORIZONTAL POLAR- 

RHO. IN. 

FIGURE 50. - MAGNITUDE OF THE G.O. FIELD IN THE 
VERTICAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE -20 dB EDGE ILLUMINATION. 
HORIZONTAL POLARIZATION, f = 28.75 GHz, EXPANDED 
SCALE. 

FIGURE 49. - MAGNITUDE OF THE G.O. FIELD IN THE 
VERTICAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE -20 dB EDGE ILLUMINATION. 
HORIZONTAL POLARIZATION, f = 28.75 GHz. 
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FIGURE 52. - RIPPLE I N  THE HORIZONTAL PLANE OF THE 
HALF SCALE ACCURATE ANTENNA REFLECTOR WITH THE 

TION. f = 28.75 GHz. 
-20 dB EDGE ILLUMINATION. HORIZONTAL POLARIZA- 
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FIGURE 53. - RIPPLE I N  THE VERTICAL PLANE OF THE 
HALF SCALE ACCURATE ANTENNA REFLECTOR WITH THE 

TION, f = 28.75 GHz. 
-20 d B  EDGE ILLUMINATION. HORIZONTAL POLARIZA- 

FIGURE 54. - CORRUGATED WAVEGUIDE FEED PATTERN WHICH 
WILL PRODUCE A -30dB EDGE TAPER. 
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FIGURE 55. - HORIZONTAL SCAN OF THE NEAR F I E L D  AT 
z = 132 IN. HALF S I Z E  ACCURATE ANTENNA REFLECTOR 

POLARIZATION, f = 28.75 GHz. 
WITH THE -30 dB EDGE ILLUMINATION. HORIZONTAL 
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(b) PHASE. 

FIGURE 56. - VERTICAL SCAN OF THE F I E L D  AT Z = 132 IN. 
HALF S I Z E  ACCURATE ANTENNA REFLECTOR WITH THE -30 d B  
EDGE ILLUMINATION. 
GHz. 

HORIZONTAL POLARIZATION, f =  28.75 
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RHO, IN. 
FIGURE 57. - MAGNITUDE OF THE G.O. FIELD IN THE HOR- 

IZONTAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE -30 dB EDGE ILLUMINATION, HOR- 
IZONTAL POLARIZATION, f = 28.75 GHz. 

RHO, IN. 
FIGURE 59. - PHASE OF THE G.O. FIELD I N  THE HORI- 

ZONTAL PLANE OF THE HALF SCALE ACCURATE ANTENNA 
REFLECTOR WITH THE -30 dB EDGE ILLUMINATION. 
HORIZONTAL POLARIZATION. f = 28.75 GHz. 

RHO, IN. 

IZONTAL PLANE W THE HALF SCALE ACCURATE ANTENNA 

IZONTAL POLARIZATION, f = 28.75 GHz. EXPANDED 

FIGURE 58. - MAGNITUDE OF THE G.O. FIELD IN THE HOR- 

REFLECTOR WITH THE -30 dB EDGE ILLUMINATION. 

SCALE. 

HOR- 

RHO, IN. 
FIGURE 60. - MAGNITUDE OF THE G.O. FIELD IN THE 
VERTICAL PLANE OF THE HALF SCALE ACCURATE 

NATION. HORIZONTAL POLARIZATION. f = 28.75 GHz. 
ANTFNNA REFLECTOR WITH THF -30 dB EDGE ILLUMI- 
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FIGURE 61. - MAGNITUDE OF THE HALF SCALE ACCURATE 
ANTENNA REFLECTOR WITH THE - 3 0  d B  EDGE ILLUMINA- 
TION. HORIZONTAL POLARIZATION, f = 28.75 GHz, 
EXPANMD SCALE. 
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FIGURE 6 3 .  - RIPPLE I N  THE HORIZONTAL PLANE Of' THE 
HALF SCALE ACCURATE ANTENNA REFLECTOR WITH THE 

TION, f = 2 8 . 7 5  GHz. 
-30 d B  EDGE ILLUMINATION. HORIZONTAL POLARIZA- 

RHO, I N .  

FIGURE 62. - PHASE OF THE G.O. F I E L D  I N  THE VERTICAL 
PLANE OF THE HALF SCALE ACCURATE ANTENNA REFLECTOR 
WITH THE - 3 0  d B  EDGE ILLUMINATION. f = 28.75 GHz. 
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FIGURE 6 4 .  - RIPPLE I N  THE VERTICAL PLANE OF THE 
HALF SCALE ACCURATE ANTENNA REFLACTOR WITH THE 
-30 d B  EDGE ILLUMINATION. HORIZONTAL POLARIZA- 
TION. f = 2 8 . 7 5  GHz. 
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